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Abstract—The purpose of this study was to develop a com|NTRODUCTION

puterized exercise expert system (CEES) that creates tailor

exercise plans for older adults. A panel of experts was selecte Although a majority of older adults recognize the
in the areas of medicine, exercise physiology, health ProMGmportance of exercise, fewer than 23 percent of older
tion, exercise psychology, and gerontology. The experts CoMy a6 and 15 percent of older females in the United
municated with the principal investigator and the projecigiaios renort participation in regular, sustained exercise

members by mail, email, telephone, and expert meetings. at 5 times a week for 30 or more minutes per session (1)
two-day workshop was held during the second year for the prc P '

ject members as well as local and national experts to review ttTh'S lack of EXercise 1S frustrating C_onSIderlng the bene-
CEES. The CEES demonstrated adequate inter-rater reliabilifitS that exercise can have, especially for older adults.
(0.80) and criterion validity (0.70). Content validity was LOW participation by older adults may be due in part to
achieved by literature review and expert opinion. The CEE¢he lack of availability of proper exercise programs for
gathers information on the elder’s health status, clinical factheir age group (2). Patient and health care-provider
tors, and exercise determinants that characterize specific barinteraction presents a potential opportunity for making a
ers or incentives to exercise. The software program thesignificant impact on the patient’s exercise routine. In
dev_elops individualized exercise prescriptions that are cusfact, 85 percent of adults stated that a physician’s recom-
tomized to older adults. mendation for exercise would help them get more
involved in regular exercise (3).

Clearly, mechanisms are needed to aid physicians in
developing appropriate exercise programs for their
patients (4,5). However, physical activity assessment and
This material is based upon work supported by the Department of Veterans COUﬂSG“Hg IS not yet routine pr_actlce for most primary
Affairs, Rehabilitation Research and Development Services, #E825-RA. care providers. Two recent national surveys found that
Address all correspondence and requests for reprints to: Lisa W. Boyette, Atlangrimary care physicians provided exercise counseling to
Veterans Affairs Medical Center, Rehabilitation Research and Developme.r]bss than 30 percent of their sedentary patients (6)
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include lack of experience in counseling patients, timformat for assessing and prescribing the most suitable
constraints, absence of insurance reimbursements, lackexercise activities based on the older adult’s individual
education related to the medical aspects of exercise, aprofile. In fact, research strongly suggests that if an indi-
the unavailability of standard formats for assessing arvidual's profile of determinants matches the characteris-
prescribing exercise (7). A standardized assessment atics of an exercise program, the greater the likelihood that
counseling protocol for physical activity promotion in thethe individual will begin and continue the program (8).
clinical setting would improve physician efforts to pro-Therefore, exercise plans created from the CEES are
vide exercise counseling as recommended by seveidesigned to match the older adults’ profiles on key deter-
studies (6,8,9). The Surgeon General's Workshop ominants to provide a customized exercise plan.
Health Promotion and Aging (1988) recommended the  This project directly addresses the mission of the
health care providers use physical activity assessmeiAtlanta Rehab R&D Center, which is to improve the
prescription, and follow-up protocols for increasing physfunction, independence, and quality of life of veterans
ical activity among the elderly during regular physicawho are aging and acquiring disabilities as they age.
examinations and medical visits (10). One of the objecThus, this study is directly related to the VA patient-care
tives inHealthy People Year 20@@ills for at least 50 per- mission of maximizing the practice of preventive mea-
cent of primary care providers to routinely assess arsures and health maintenance for older veterans.
counsel their patients regarding the frequency, duratiol
type, and intensity of each patient's physical activity
practices (6). Because of the potential benefit, the U.METHODOLOGY
Preventive Services Task Force recommends that clir
cians counsel all patients to engage in a program of regProject Staff and Experts
lar physical activity tailored to their health status anc ~ The study was approved by the Human Investi-
personal lifestyle (11). One way to interact with patientgations Committee of Emory University School of
in a cost-effective manner is through the use of computMedicine for studies involving human subjects. A written
technologies (12). While computer use by older adults dnformed consent was obtained from all subjects. The
this time is lower than with other age groups, this is likeprincipal investigator (PI) served as the facilitator, form-
ly to change with the increased popularity of computerdng a multidisciplinary team. The Pl identified four key
The purpose of this study, therefore, was to develop groups to provide theoretical and applied knowledge of
computerized exercise expert ystem (CEES) that createxercise and aging for the project. The PI selected the
a standardized assessment and counseling protocol pfirst group, made up of the project team members with
viding individualized exercise plans for older adults. ~ expertise in psychometry, exercise physiology, and com-
While it is not the aim of the CEES to replace theputer sciencesTable 1, Appendix 1). The team had
interaction with a real human (i.e., the physician or otheexperience with test construction, exercise prescriptions,
health practitioner), an expert system such as this oiexercise strategies, information systems design, and
could serve as a tool to gather pertinent information anhuman-computer interface design. The PI identified 3
have it organized in order to facilitate the patient’s intergroups consisting of 4 local, 14 national, and 1 interna-
action with the practitioner. Additionally, the premisetional expert (n=19; age range 41-70 years; mean
behind an “expert” system is to provide expert adviceage=49.5 years) who were selected to participate in this
Therefore, if a practitioner is not experienced in the aiproject to achieve balance in the areas of medicine, exer-
and science of exercise prescription writing, the CEEcise physiology, health promotion, exercise psychology,
could bridge that gagrigure 1illustrates how the CEES and gerontology Table 1, Appendix 1). The panel of
was developed using several different steps. For instanexperts was chosen based on several criteria: 1) they have
in Figure 1, actions are represented by the circles theconducted research studies in exercise; 2) they have pub-
created the different components of the CEES as shovlished extensively in geriatric research; and/or 3) they
by the squares. have clinical experience with the geriatric population. All
The CEES customizes exercise plans based on texperts held postgraduate degrees, and 50 percent were
older individual’s health status, clinical factors, and exerfemales. The experts communicated by telephone, email,
cise determinants or psychosocial factors that influencemail, and when attending the expert meetings and the
their exercise behavior. The CEES provides a standatwo-day workshop.
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Figure 1. Exercise Expert System evolved by using an iterative process.
Table 1.
Description of collaborators
Project Expert N=6
No. Specialty Degree
1 Psychometry M.Ed.
3 Expert System Design 2 M.S., Ph.D.
3 Exercise Physiology 2B.S.,,1M.S.
Local Experts N=14
No. Specialty Degree
2 Physician M.D.
1 Professor of Nursing Ph.D.
1 Physical Therapist Sc.D.
National Experts N=14
No. Specialty Degree
2 Nursing M.S., Ph.D.
2 Gerontologist Ph.D.
4 Physician M.D.
1 Exercise Psychologist Ph.D.
2 Exercise Physiologist Ph.D.
1 Physical Activity Epidemiologist Ph.D.
1 Physical Therapist Ph.D.
International Experts N=1
No. Specialty Degree

1 Physical Therapist Ph.D.
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Steps in Developing the Computerized Expert System behavior and as part of this project, it was expanded into
1) Review of the Knowledge Base the PEP-R to measure 29 exercise determinants. The
The experts reviewed a knowledge base that colPEP-R prototype was administered by hard copy to a
sisted of information merged from research findings thesample of older adults comprised of a group of exercisers
used the Physical Exercise Profile (PEP) questionnai(n=36) and a group of non-exercisers (n=17). The older
(13) and from an extensive literature review of over 6@dults were representative of various socioeconomic,
published studies specifically relating to determinanthealth, and fitness levels. Exercise status was defined by
that influenced elders’ exercise behavior. The experts ciwhether they had an exercise routine during the month
tiqued the knowledge base for organizational structurprior to answering the questionnaire. Each participant
and completeness. The experts examined the deterrcompleted the PEP-R prototype independently and then
nants within the categories of personal characteristiccompleted its evaluation. This evaluation screened for
knowledge, attitudes and beliefs; psychological/behaypotential problems such as low discriminability (i.e., all
ioral attributes; activity characteristics; and environmenresponses identical on an item), ambiguous or poorly
tal characteristics. The knowledge base was updated worded questions (i.e., a preponderance of inappropriate
represent a detailed and comprehensive document of responses on an item), and areas of sensitivity (i.e., ques-
determinants that influence exercise initiation and adhetions that respondents refuse to answer). Consideration
ence in older adults. was also given to the length of time required to complete
Next, the experts ranked the determinants accordirthe questionnaire.
to their priority in motivating older adults to initiate and Additionally, two other questionnaires were devel-
adhere to exercise. Each expert independently prioritizeoped for the expert system. The Exercise Program
the 29 determinants using a scale of 1 to 10, with 10 beirConsiderations for Health Practitioners (EPCHP) was
most important. In this study, the initiation phase wadeveloped for health practitioners to determine the med-
defined as the first 6 months of starting a new exercisical eligibility of their clients when using the CEES. The
program, while the adherence phase was defined as cPrescreening Inventory (PSI) was developed to obtain
tinuing the exercise routine after the initial 6-month peripersonal medical history directly from the patient.

od. 4) Verification of the Documents
2) Creation of the Rule Base By using an iterative process, 12 bi-monthly meet-
Rules were designed to define which exercise(s) weings of the local experts and project team were conduct-
chosen, using a ranking system to rule in or out certaed to examine all documents, including the rule base,
exercises based on the patient’s responses from the PEPEP-R, EPCHP, and PSI. In order to facilitate this
R. Rules were then created to prescribe the exerciprocess, seven case studies using real and fictitious older
intensity, frequency, and duration for each exercise mocadults were introduced, and documents were created for
(aerobic, strength training, and flexibility exercises) foreach case. The specific circumstances of these cases were
the individual. Furthermore, rules were developed tdiscussed in relation to the determinants, appropriate
determine where the individual would most likely want toexercise prescriptions, and associated recommended
exercise (i.e., home, facility, or community park). strategies. These cases were sent out to the international
As part of the rule base, the project staff and experand national experts for their review. The project staff
compiled a pool of over 300 strategies to enhance ttamended all documents for the case studies were, to
patient’s initiation and adherence to the exercise preensure that the exercise plans were acceptable based on
scription. These strategies were based on empiricexpert opinion. The process was repeated using 10 more
knowledge from the experts’ own dealings with oldercase studies. The PEP-R, the EPCHP, the PSI, and the
adults and gleaned from published research articles aassociated rules/strategies were finalized based on the
abstracts. Depending on the patient’s response to eaexperts’ and older adults’ opinions and then implemented
guestion, specific strategies were printed out. Each printo the CEES.
sented tailored recommendations for that individual. ~ Evaluation of the CEES at the NatioNsbrkshop
3) Expansion of the Questionnaires A national workshop was held to evaluate the CEES.
An important component of this project was theTwelve experts in the fields of nursing, medicine, exer-
refinement and expansion of the original PEP (13). Thcise physiology, health promotion, exercise psychology,
original PEP assessed seven determinants of exerciand gerontology attended the national workshop along
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with 10 project staff member3dble 2, Appendix 2). A rated the questionnaires and reports on a scale of 1 to 3
facilitator with a Ph.D. in Aging Psychology led the two-with 3 being excellent on the following seven attributes:
day workshop using an extensive agenda. As an unbiasl) font type/size, color, 2) yes/no blocks, 3) check boxes,
moderator, she ensured that all of the experts were able4) wording 5) user-friendliness, 6) proper information
discuss their different viewpoints and suggestiongathered, and 7) length.
throughout the two-day meeting, and she kept the worl During the national workshop, data were collected
shop participants on task. for the validity of the CEES. Criterion validity was exam-
As part of the national workshop, data were collectined between the raters and the expert system by two
ed to determine reliability of the CEES at a minimummethods: 1) Pearson correlations and 2) percent agree-
level of 0.70. Inter-rater reliability was examined by eval-ment. The expert system was considered to be the gold
uating 20 cases for percent agreement between the standard for creating the exercise prescriptions because
experts for the exercise prescriptions, which include thits rules were based on experts’ advice and guidelines
exercise mode, frequency, intensity, and duration. The zpublished by the American College of Sports Position
participants were first divided into 4 groups, and eaclStand (14). The groups compared the prescriptions that
group received 5 sample cases. Group members indivithey designed for the five cases to the expert system’s
ually developed recommendations for an exercise pre¢prescriptions, and any discrepancies were cross-exam-
scription using the following: mode of exercise (aerobicined until consensus was reached among the experts con-
strength, and flexibility), frequency of exercise, duratiorcerning the appropriateness of the exercise plan
of each exercise session, and intensity of mode. Ttdeveloped for each case. Content validity was determined
raters’ prescriptions were then compared with their grouhaving the experts review the early to late stages of the
members’ prescriptions. The experts within each grouthree instruments, the EPCHP, the PSI, and the PEP-R.
reached a decision on the appropriate exercise prescr Each expert also entered 1-2 case studies of actual
tion for each of their five cases. or hypothetical older adults into the expert system to see
In addition, the evaluation of the CEES interfaceif the system met their expectations from their own data
was conducted by examining the average percent agreinput. Each of the case studies including the strategies
ment between the experts’ critiques of the EPCHP, thand prescriptions was reviewed by the experts. Any areas
PSI, and the PEP-R Questionnaire. In addition to thesof disagreement between the experts regarding the exer-
three questionnaires, four additional reports produced tcise prescriptions were used for expansion and/or refine-
the system were critiqued: 1) Strategies; 2) Practitionerment of the questionnaires, strategies, rules, and user
Report; 3) Client’s Report; and 4) Fun Facts. The experinterface.

Table 2.
Description of collaborators
No. Specialty Attendee Degree
1 Aging Psychology Project staff Ph.D.
2 Exercise Psychology Project staff M.Ed., Ph.D.
4 Expert System Design Project staff 1B.A,2M.S., 1PhD.
3 Exercise Physiology Project staff 2B.S.,,1M.S.
2 Physician Local expert M.D.
1 Professor of Nursing Local expert Ph.D.
1 Physical Therapist Local expert Sc.D.
1 Nursing National expert M.S.
1 Gerontologist National expert Ph.D.
3 Physician National expert M.D.
1 Physical Activity Epidemiologist National expert Ph.D., M.P.H.
1 Physical Education National expert B.S.
1 Exercise Psychology National expert Ph.D.
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RESULTS throughout the 2 days using a well-organized agenda. They
strengthened the expert system because of their knowledge
Determinant Ratings and experience in exercise and working with older adults.

The experts ranked in order what they believed to bThe experts commented upon how they appreciated the
the most important exercise determinants when designirexperience of seeing how their reviews on hard copies via
an exercise plan for older adults. When examining the zmail and by expert meetings and conference calls evolved
determinants for the highest rated initiation determinaninto this computerized exercise expert system. Both the
convenience of the exercise rout{neean=8.8; SD=1.4), local and national experts were consulted two more times
social support (mean=8.6; SD=1.4)self efficacy after the workshop to provide final reviews of the changes
(mean=8.4; SD=2.3)piomedical status(mean=8.3; that were made based on the workshop.

SD=1.8) andintent to be physically activénean=8.2;

SD=1.7), respectively, were the most important factors tinter-rater Reliability

consider when trying to get the older individual to start al Overall, there was 80 percent agreement between the
exercise program. When examining what determinaniraters across all four components for inter-rater reliability
were most important for the adherence phase of exercig(Table 3). When examining the 20 cases for inter-rater reli-
convenience of the exercise rout{neean=8.8; SD=1.1), ability of the exercise mode (aerobic and flexibility), the
social support(mean=8.8; SD=1.4), ané&njoyment agreement was 89 percent between the experts. When
(mean=8.8; SD=1.0) were equally important, followed byexamining the inter-rater reliability for the exercise fre-
biomedical statugmean=8.4; SD=2.0), argklf motiva- quency across all three modes, the agreement between the
tion (mean=8.3; SD=2.1). In fact, 3 of the 29 determi-raters ranged from 84 percent to 66 percent with an average
nants were believed to be significant for both thenter-rater reliability of 72 percentdble 3). For flexibility
initiation and adherence phasesnvenience of the rou- and strength training, both showed 66 percent agreement

tine, social supportandbiomedical status between the raters. Some of the experts were recommend-
ing the clients do stretching for a shorter duration than other
PEP-R Evaluation by Older Adults experts recommended. After some discussion at the work-

Eighty-seven percent of the respondents felt that thshop, the experts agreed that stretching could easily fit into
guestionnaire gathered all the information necessary the warm-up/cool-down of the person’s workout session
fully describe their exercise habits. Seventy percerwithout making the routine too long. There was a change
responded that there were no additional questions needfrom 66 percent to 100 percent agreement between the
to find out more information about their exercise habitsraters that they will recommend people stretch for a mini-
Further, 66 percent said that all of the multiple-choicanum of 20-30 minutes using the most recent ACSM
responses were appropriate for each question. About hi
of the respondents (52 percent) indicated that the queTable 3.
tionnaire was too long. The questionnaire took approxinter-rater reliability between experts (cases = 20)
mately 35 minutes to complete by the older adults. Thpomains Percent Agreement
longest amount of time the subjects believed necessary 5 o
fully describe their exercise habits was 26 minutes. Thaer(_)b_'f: mode 93 ’
PEP-R was subsequently shortened by editing or deletilﬂex'bIIIty m(.)d.e 86%
several of the questions. We did not re-administer thStrenqth training mode n/i
hard copy after that to determine if it was acceptable iae'r(_)b_'.C frequency 84%

. .. L . . flexibility frequency 66%
terms of time. This is a limitation of this particular task trenath training frequenc 5604
within the project. Instead, we gathered their feedback 1Zerobgic duratiog quency 81%0
adapt the hard copy and then to implement the questloﬂexibiIity duration 83%

naire into the expert system.

strength training duration 80%
. aerobic intensi 78%
National Workshop L ty ’
. . .. flexibility intensity 86%
The two-day workshop involving the experts from dif- o .
strength training intensity 71%

ferent disciplines was an intensive and worthwhile endea

. . Overall inter-rater reliabilit 80%
or. The experts worked independently and in group Y ’
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Position Stand (14) instead of using the old 1990 ACSN"  Another method for establishing criterion validity
(15) guidelines, which recommended at least 10 minutewas evaluated by determining how much the raters
For strength training frequencies, some of the experts weagreed with the CEES on the different exercise prescrip-
recommending 2 days a week as a minimum, whereas otltions (Table 5. The percent agreement between the
experts were prescribing it at a minimum of 3 days a weeraters and the CEES for the 11 domains ranged from 100
After further discussion, the experts reached a consenspercent to 58 percent with duration of flexibility being the
that strength training could be done two to three times lowest. The average percent agreement of the 11
week, which is in line with the most recent ACSM Positiordomains was 85 percent, which established adequate cri-
Stand (15). As a result of this consensus-building procesterion validity. Content validity was established in the
the inter-rater reliability for strength training, therefore,early to conclusive phases of the EHCP, PSI, and PEP-R,
changed from 66 percent to 100 percent. When examinitby allowing experts to ascertain that all domains assessed
the duration of the three modes, the agreement between by the instruments were adequately measuring and repre-
raters ranged from 81 percent to 83 percent, with an avesenting the content presented (17).

age inter-rater reliability of 81 percent. When examining th:

intensity of the three modes, percent agreement rangTable 5. .

from 86 percent to 71 percent with an average inter-ratCriterion validity of the CEES using percent agreement

reliability of 7 percent. (cases = 20)
Aerobic Component Percent of Agreement with CEES
Validity _ . mode 95%
When evaluating how well the domains matchecfrequency 80%

between the experts and the CEES, Pearson correlatict.

. ime 90%
were analyzedT@ble 4). The Pearson correlations for theimensit 20%
11 domains ranged from0.016 to 1.0 with duration of Y

flexibility being the lowest. The highest correlations wereStrength Component

the aerobic and flexibility intensity, both showing a cor-frequency 84%
relation of 1.0 with a significance level of p=0.000. All of time 84%
the domains were significant at the 0.05 level, excludini,ensity 90%

the duration of flexibility. The average correlation of the

11 domains was 0.70, which demonstrated adequate ¢~ Pty Component

terion validity, as correlations over 0.50 are consideremode 75%

strong in magnitude (16). frequency 85%
time 58%

Table 4. intensity 100%

Criterion validity using Pearson correlations (cases = 20) Overall Criterion Validity ~ 85%

Domains Pearson’'s r Significant Level
Aerobic mode .985 *.000
Aerobic frequenc .535 *.015 . .
e freguency The critique of the expert system and its generated
Aerobic duration .678 *.001
. . reports were evaluated by percent agreement between the
Aerobic intensity 1.000 *.000
experts Table 6). The percent of agreement ranged from
Strength frequency 791 *.000 . ,
. 100 percent to 74 percent. The Practitioner's Report,
Strength duration 791 *.000 .o
. . Client’'s Report, and Fun Facts showed 100 percent agree-
Strength intensity .804 *.000 .

e ment that all seven attributes were excellent. The PSI
Flexibility mode 454 *.051 . . .

. received the next highest agreement with 93 percent
Flexibility frequency .637 *.003 . . .

. . agreeing that it was excellent. The Strategies Report
Flexibility duration -.016 .947 . . .
Floxibility intensit 1,000 £ 000 showed 87 percent that it was excellent, with length being

Y Y the main concern. The EPCHP Questionnaire showed 86
Average correlation .70

percent agreement that it was excellent, with the wording
* = significant at the .05 level or less being the main concern. Seventy-four percent of the
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Ta.blle 6. ' After these three questionnaires are completed by
Critique of the expert system and its generated reports the practitioner/patient, five reports are generated:
Generated Reports Percent of agreement Client's Report; 2) Practitioner’'s Report; 3) Strategies;
between experts 4) Fun Facts to Know; and 5) Exercise Prescription. The
EPCHP 86% Client's Report is created for each older individual
PreScreening 93% describing his or her PEP. Included_ln this report are the
current month and past year exercise level for aerobic,
PEP-R 74% L
_ muscular strength and endurance, and flexibility exer-
Strategies 87% . . L. .

o o cises. The body mass index of the individual is comput-
Practitioner's Report 100% ed using height and body weight. Behavioral
Client's Report 100% characteristics that also influence the person’s exercise
Fun Facts 100% behavior are provided such as: perceived readiness,
User-Friendliness of CEES 100% exercise knowledge, perceived health, self-motivation,

self-efficacy, and intent to be physically active. All of
these physiological and behavioral components are
experts believed that the PEP-R was excellent, witscored and placed in a low, medium, or high range. In
length again being the main concern. When the attributcaddition, an explanation of what it means to be in that
were not rated as excellent, they were rated as good. Aange is included on the Client's Report. An individual-
of the experts (100 percent) rated the CEES as excelleized exercise plan with suggested strategy recommenda-
for user friendliness. tions along with a Fun Facts to Know Report is also
created for the individual. The Practitioner’'s Report is
created for the health professional, and includes an out-
DISCUSSION lined summary of the client’s information along with
duplicated information from the Client's Report. Three
The final design of the CEES utilized the resultsadditional scale scores are provided on the
from the national workshop. The expert system uses Practitioner’s Report that are not included on the
Microsoft Access database programming software for thClient's Report: body image, depression, and anxiety
database development. The computer requirements arscores. If depression or anxiety is in the moderate to
basic IBM PC- compatible computer system with Officesevere range, it is suggested that the health practitioner
97 Windows program and a printer. The CEES is comrrecommend that the client have a medical evaluation to
posed of three questionnaires, the first one being ttaddress this. Likewise, if the person’s body image score
EPHCP. The health practitioner (such as the personis in the moderate to severe range, specific strategies are
physician or nurse practitioner) completes this questiorassigned to the practitioner so he or she can help the
naire. This assessment documents any absolute or relatclient gain confidence in this area.
contraindications the patient has regarding exercise. It The experts pointed out that for aerobic exercise,
used as a guide to determine if the patient is appropriathere were several to choose from such as walking, jog-
to participate in an exercise plan prescribed by the CEEging, or swimming, so strength training exercise needed
The second report is a PSI, answered by the patiemore choices. Based on the consensus of the experts,
based on his or her own personal medical history. Itenmore strength training exercises were given to the CEES:
included are those medical conditions that might influencl) calisthenics, light weights, or elastic bands; 2) machine
the exercise prescription. The third document is the PEP-or free weights; or 3) Tai Chi. In fact, much discussion
diagnostic questionnaire, and these responses along wwas held about placing Tai Chi into the strength category
the PSI are used in creating the individualized exercisand not being left in the flexibility category. A consensus
plans. Information and preferences about the determinarwas reached among the experts that Tai Chi impacts
are gathered from the patient by multiple menu presentstrength more than flexibility. Researchers in the geriatric
tions, providing “user-friendly” screens. To finish the entirefield have found Tai Chi can help maintain strength gains
software package, takes an average of approximately 12(19,20). The health practitioners now have more strength
79 minutes (with an average time of 32.58 minutes) to conoptions to select from that might better match the needs
plete, depending on the individual (18). of their clients.
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Future Directions rehabilitation (regardless of age) rather than fitness of
The CEES was tested with 34 community dwellingolder persons and does not use psycho-social variables
older adults (mean age=70.52 years; 50 percent femalethat influence exercise initiation and adherence when
for practicality and acceptability (18). On a scale of 1 tdeveloping the exercise plan. The health provider obtains
5, the system was ranked 4.53 for ease of use. For accehealth information from a patient including age, sex,
ability of the exercise prescription, the average score wieart rate, and blood pressure. This information is entered
22.5 on a scale of 6 to 24. Sixty percent of the participaninto a computer to help create an individualized exercise
found it important for health providers to spend moreprotocol for the individual. The computer program com-
time doing exercise counseling. As a result of this projecpares the health information for the current patent with
one paper was presented to the Gerontological Society the data records in the database for identifying data
America in November of 1999 and another presentatiorecords containing similar health information. The com-
was given at the Second VA Rehabilitation R&D Meetingputer program then creates an exercise protocol for the
in February of 2000 (18,21). current patient based on previous exercise protocols in
Currently, a pilot study is underway to evaluate thethe identified data records.
CEES as a means of assessing exercise behaviors The Brown patent was the second one found in the
providing exercise counseling to a sample of older adultsearch (23). It is a fithess-monitoring system using a per-
The experimental group receivesaflored exercise pre- sonal exercise-monitoring device that is pre-programmed
scription by the CEES and the comparison subjeciwith data to guide the patient in a appropriate exercise
receive a generic exercise prescription. The exercissession. The monitoring device is connected to a central
physiologist spends the same amount of time with botcomputer system for downloading data recorded during
groups in her exercise consult. We are determining if ththe exercise. The central computer has stored information
experimental-group members increase in their level cthat can compare the information that is sent by the mon-
exercise activity as compared to the comparison grouitoring device to provide feedback to the user. The vari-
We are also evaluating the time necessary to complete tables utilized in the system appear to be focused
CEES assessment and exercise consult in order to laexclusively on fitness parameters such as heart rate,
streamline and shorten the entire visit. In the future, blood pressure, and percent body fat, regardless of the
would be ideal if more health providers could allow moreage of the user. This patent does not use any exercise
time for exercise assessments and consults to encouredeterminants to help formulate the exercise prescription
and promote physical activity because of the positivfor the elder.
benefits associated with exercise adoption. The CEE The Roth patent is the third one identified in the
can be shortened to adapt to today’s environment, but itsearch that creates a user database where medical infor-
our intent that research such as this will change the wemation and age are inputted (24). The Roth system uses a
exercise counseling is conducted. We need to spend mcompact portable battery-powered computerized digital
time with our patients in promoting preventive types oftraining assistant (DTA). Each DTA is programmed with
healthful behaviors in hopes of spending less time witthe user’'s exercise routine calculated for the specific
them as a result of their illnesses. workout session. The DTA unit interactively instructs the
To determine if there were any existing expert sysuser on the sequence and exercises to be performed and
tems similar to the CEES, a law firm conducted a comthe preferred performance criterions. A keypad interface
puter database search including articles appearing to change the criterions is provided to permit recording of
academic and industry journals, U.S. patents, and puthe actual exercises performed. The resulting exercise
lished PCT patent applications. Based on their examininformation is downloaded back to the system, where it
tion of the materials identified from this search, it wasbecomes a permanent part of the user’s exercise history
their opinion that none of these documents have designdatabase file. The file’s data will be used in the calcula-
a system similar to the CEES. The search identified thretion of the next session’s performance parameters. This
U.S. patents that design individualized exercise regimenpatent does not consider exercise regimens for age-spe-
The Khavari patent is a computer program that createcific or psychosocial factors as does the CEES.
individualized exercise protocols for individuals recover- The review of the results of the computer search
ing from various cardiovascular and/or pulmonary dissuggests that there is not another exercise expert system
eases (22). The Khavari patent appears to be restrictedavailable that uses psychosocial factors that affect older
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adults starting and/or maintaining an exercise routinereport. The client’s report consists of a customized
The search is limited, however, as it was based uponexercise prescription, recommended strategies, and an
review of computer databases, which may be incompletexercise information sheet. The practitioner’'s report
For instance, only abstracts of those articles that includeconsists of the client’s exercise prescription, summary
abstracts in the computer databases were searchof determinants, and exercise preferences. Based on the
Furthermore, as pending U.S. patent applications aindividual's exercise determinants, the tailored exercise
maintained in secrecy by the U.S. Patent and Trademaplan should increase the likelihood that older adults
office, the most relevant one may be unavailable twill initiate and adhere to exercise.
review. However, it appears from this computer databas Health care providers have a unique opportunity to
search that the CEES is a unique expert system for devfavorably impact lifestyle choices during the client’'s
oping exercise plans based on specific determinants tfroutine medical visit. Use of the CEES could help facil-
influence exercise behavior. itate the health care providers’ skill and effectiveness in
providing a crucial aspect of primary care prevention
through exercise. This system is a quick and useful
SUMMARY AND CONCLUSIONS software package that has standardized questions for
the health practitioner to administer to his or her
This project provided a much better understandinclients, and the result is a customized exercise plan
of what determinants are important to exercise initiabased on that individual’s personal profile. The CEES
tion and adherence for older adults. The experts idenican later be expanded to include recommendations spe-
fied convenience of the routine, social support, ancific to other subpopulations, including those with
biomedical status, respectively, as most crucial whephysical disabilities (i.e., Parkinson’s Disease or arthri-
designing an exercise plan for this subpopulation. Thtis) and chronic illnesses such as heart and pulmonary
inclusion of the three questionnaires by the CEES wedisease. By utilizing the CEES within health care set-
validated by the consensus of local and national expertings, the potential for making exercise prescriptions
in the fields of geriatric medicine, exercise physiologyavailable to older individuals, and in this way, facilitat-
and exercise psychology. The output of the expert sying initiation and adherence to custom-tailored exer-
tem includes both a client’s report and a practitioner’cise, is enormous.
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APPENDICES

Appendix 1. List of Collaborators

Project Staff

James E. Boyette, MSICSSoftware Engineer, Software Development Team Leader at the Health Eligibility Center,
Atlanta, GA.

Lisa W. Boyette, MEd, Research Health Science Specialist at the Rehabilitation Research & Development Center
Veterans Affairs, Atlanta, GA.

William R. De 'Aune, PhD, Research Psychologist at the RehabilitationResearch & Development Center, Veterans
Affairs, Atlanta, GA.

Katharina V. Echt, PhD, Research Health Scientist at the Rehabilitation Research & Development Center, Veterans
Affairs, Atlanta, GA.

Lori I. Furbush, PhD, Research Health Scientist at the Rehabilitation Research & Development Center, Veterans
Affairs, Atlanta, GA.

Deborah Gaasch, BSResearch Exercise Physiologist at the Rehabilitation Research & Development Center, Veteran:
Affairs, Atlanta, GA.

Adrienne Lloyd, MEd, Research Exercise Physiologist at the Rehabilitation Research & Development Center,
Veterans Affairs, Atlanta, GA.

Susan Murphy, BS,Research Exercise Physiologist at the Rehabilitation Research & Development Center, Veteran:
Affairs, Atlanta, GA.

Stephanie Manuel, MS Software Developer at the Rehabilitation Research & Development Center, Veterans Affairs,
Atlanta, GA.

Erica Wyse, BS,Health Science Specialist at the Rehabilitation Research & Development Center, Veterans Affairs,
Atlanta, GA.

Local Experts

Carol E. Coogler, ScD, Assistant Professor, Emory University School of Medicine & Center for Rehabilitation
Medicine, Emory University, Atlanta, GA.

Sandra B. Dunbar, RN, DSN Professor, Nell Hodgson Woodruff School of Nursing, Emory University, Atlanta, GA.
Dale Strasser, MD, Chief of Rehabilitation Medicine, Wesley Woods Geriatric Hospital, & Interim Chair, Department
of Rehabilitation Medicine, Emory School of Medicine, Atlanta, GA.

Robert A. Zorowitz, MD, FACP Medical Director of Geriatrics Services, DeKalb Regional Healthcare System,
Decatur, GA.

National Experts

Judy Beamer, BS, Director of the Cecile Cox Quillen Exercise Research Program at East Tennessee State Universit
Steven N. Blair, PED, Director of Epidemiology and Clinical Applications at the Cooper Institute for Aerobics
Research, Dallas, TX.

Carl J. Caspersen, PhD, MPH Physical Activity Epidemiologist, Physical Activity and Health Branch, Division of
Nutrition and Physical Activity, National Center for Chronic Disease, Prevention and Health Promotion, Centers fol
Disease Control and Prevention, Atlanta, GA.

Robert P. Cunningham, MD, Retired Corporate Medical Director, Bell South, Atlanta, GA.

Barbara de Lateur, MD, Professor, Director and Lawrence Cardinal Shehan Chair, Department of Physical Medicine
and Rehabilitation, The Johns Hopkins Hospital, School of Medicine. Joint Professor of Health Policy and
Management, School of Hygiene and Public Health, Baltimore, MD.

Barbara J. Fletcher, RN, MN, FAAN, Clinical Associate Professor, University of North Florida, College of Health,
Department of Nursing.
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Ronald C. Hamdy, MD, FACP, FRCP,Assaociate Chief of Staff, Extended Care and Geriatrics, Veterans Affairs
Medical Center, Mountain Home, TN. Holder of the Cecile Cox Quillen Chair of Excellence in Geriatric Medicine and
Gerontology at James H. Quillen College of Medicine, East Tennessee State University, Johnson City, TN. Director of
the East Tennessee State University Osteoporosis Center.

Priscilla G. MacRae, PhD,Professor of Sports Medicine, Department of Sports Medicine and Physical Education,
Pepperdine University, CA.

Edward McAuley, PhD, Professor of Exercise Psychology, Department of Kinesiology, University of lllinois at
Urbana-Champaign.

Miriam C. Morey, PhD, Director, GEROFIT, Geriatric Research, Education and Clinical Center, VA Medical Center,
Assistant Research Professor, Department of Medicine, Center on Aging and Human Development, Duke Medica
Center, Durham, NC.

Scott Sherman, MD, MPH, Assistant Professor Medicine, UCLA/San Fernando Valley Program. Chief, PACE
Research, Evaluation, and Faculty Development, Sepulveda, CA VA Medical Center.

Frank Whittington, PhD, Professor of Sociology and Director of the Gerontology Center at Georgia State University,
Atlanta, GA.

Jeffrey C. Rupp, PhD, Associate Professor and Chairman, Department of Kinesiology & Health, Georgia State
University, Atlanta, GA.

International Expert
Sarah Elizabeth Lamb, MSc, MCSP, SRPHarkness Fellow in Public Policy, The Commonwealth Fund of New York.

Appendix 2. National Workshop Attendees

James E. Boyette, MSICS, Health Eligibility Center, Atlanta, GA; Lisa W. Boyette, MEd, Rehabilitation Research &
Development Center, Veterans Affairs, Atlanta, GA; Willam R. De I'Aune, PhD, Rehabilitation Research &
Development Center, Veterans Affairs, Atlanta, GA; Katherine Echt, PhD, Rehabilitation Research & Development
Center, Veterans Affairs, Atlanta, GA; Lori I. Furbush, PhD, Rehabilitation Research & Development Center, Veterans
Affairs, Atlanta, GA; Deborah Gaasch, BS, Rehabilitation Research & Development Center, Veterans Affairs, Atlanta,
GA; Adrienne Lloyd, MEd, Rehabilitation Research & Development Center, Veterans Affairs, Atlanta, GA; Susan
Murphy, BS, Rehabilitation Research & Development Center, Veterans Affairs, Atlanta, GA; Stephanie Manuel, MS,
Rehabilitation Research & Development Center, Veterans Affairs, Atlanta, GA; Erica Wyse, BS, Health Science
Specialist at the Rehabilitation Research & Development Center, Veterans Affairs, Atlanta, GA; Carol E. Coogler, ScD,
Emory University School of Medicine & Center for Rehabilitation Medicine, Emory University, Atlanta, GA; Sandra B.
Dunbar, RN, DSN, Nell Hodgson Woodruff School of Nursing, Emory University, Atlanta, GA; Dale Strasser, MD,
Department of Rehabilitation Medicine, Emory School of Medicine, Emory University, Atlanta, GA; Robert A.
Zorowitz, MD, FACP, DeKalb Regional Healthcare System, Decatur, GA; Judy Beamer, BS, East Tennessee Stat
University; Carl J. Caspersen, PhD, MPH, Centers for Disease Control and Prevention; Robert P. Cunningham, MD, Bel
South; Barbara de Lateur, MD, The Johns Hopkins Hospital, School of Medicine; Barbara J. Fletcher, RN, MN, FAAN,
University of North Florida; Ronald C. Hamdy, MD, FACP, FRCP, Veterans Affairs Medical Center, Mountain Home,
TN; Edward McAuley, PhD, University of Illinois at Urbana-Champaign; Miriam C. Morey, PhD, Durham VA Medical
Center, Department of Medicine, Center on Aging and Human Development, Duke Medical Center, Durham, NC
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